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Sunday, February 3, 2013 41aX-ROS is the novel signaling pathway seen in ventricular myocytes1 and skel-
etal muscle2 that arises when cell stretch triggers local ROS (reactive oxygen
species) production by NADPH oxidase 2. A sustained (10-20s) stretch pro-
duces a transient rise in ROS with a half-time of decay of ~5 seconds. In car-
diomyocytes, this ROS sensitizes local Ca2þ release channels (ryanodine
receptors) in the sarcoplasmic reticulum. In normal heart cells, this produces
a transient burst of Ca2þ sparks and ensures the fidelity of excitation-
contraction coupling, but can trigger arrhythmogenic Ca2þ waves in diverse
pathologies.
In reports to date, X-ROS has been characterized in cells that were stretched
and held at a constant length. However, this is not how a cardiomyocyte is
stretched in situ - instead it is stretched (during diastole) and shortens (during
systole) in rhythmic fashion. Additionally, this stretch is regulated by two fac-
tors that vary with changing physiologic demand: 1) preload (the amount of
blood that fills the ventricles during diastole) grades the magnitude of cell
stretch, and 2) heart rate varies the frequency of cell stretch. Thus we investi-
gated how the magnitude and frequency of stretch affect X-ROS signaling.
Briefly, we find a critical effect: rhythmic stretch elevates the steady state level
of ROS production in the cell, and this level is graded by both the magnitude
and frequency of stretch. In turn, the elevated ROS proportionately modulates
Ca2þ spark rate. Thus our findings hold the critical implication that the redox
state and Ca2þ signaling sensitivity of cardiomyocytes is coupled to mechanical
changes and graded by both preload and heart rate.
1. Prosser et al. ‘‘X-ROS signaling: Rapid mechano-chemo transduction in
heart.’’ Science. 333, 1440 (2011 9 Sept).
2. Khairallah et al. ‘‘Microtubules underlie dysfunction in Duchenne muscular
dystrophy.’’ Sci. Signal. 5, ra56 (2012).
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Mammalian KCNQ genes encode five Kv7 potassium channel subunits (Kv7.1-
Kv7.5). Kv7.2 and Kv7.3 are expressed in the nervous system, being the prin-
cipal molecular components of the slow voltage gated M-channel, which exert
a strong control in neuronal excitability.
Like all Kv channels, the Kv7 a subunits share a common core structure of six
transmembrane segments with a voltage-sensing domain (S1-S4), a pore do-
main (S5-S6) and intracellular N- and C-terminal regions. The C-terminus har-
bours four regions that present a high probability of adopting an alpha helix
configuration (helices A-D). This region binds some lipids and several proteins,
including the ubiquitous calcium binding protein calmodulin (CaM).
CaM mediates inhibition of Kv7.2 channels and is required for the channels to
exit the endoplasmic reticulum. Both processes are enhanced by Ca2þ, but the
molecular details of how Ca2þ trigger channel trafficking or the reduction of
M-current are unknown. The aim of this study was to explore the molecular
events within CaM triggered by Ca2þ using two complementary approaches.
In one, we have performed a fluorimetric assay using dansylated calmodulin
(D-CaM) to characterize the interaction of individual lobes to the Kv7.2
CaM binding site. The association of the Kv7.2 with CaM was also explored
using NMR spectroscopy, employing 15N-labeled CaM as a reporter. Our
data show interdependency of the N- and C-lobes in the interaction and suggest
that Ca2þ causes the contacts with CaM to pivot between EF-1 in the N-lobe
and EF-4 in the C-lobe. In addition, Ca2þ makes CaM binding to the channel
more difficult, and the channel makes CaM binding to Ca2þ more difficult.
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Malaria parasite egress from infected erythrocytes finalizes the asexual cycle of
this organism and leading to parasite dissemination and disease progression.
The egress mechanism is not fully understood, but several tightly coordinated
steps and pathways were described recently. Mature parasites breach two sets
of membranes to escape an infected host cell. We investigated the role of free
calcium in the initiation and control of individual steps in the egress program of
Plasmodium falciparum. The entire egress pathway (tens of minutes before re-
lease) is independent of extracellular free calcium, using rather intracellular
calcium accumulated within the parasite during the trophozoite-schizont stagesof parasite development. Based on experiments with calcium chelators and ion-
ophore, inhibitors of the parasite endoplasmic reticulum, fluorescence micros-
copy and morphological analysis of mature parasites we propose that the
schizont endoplasmic reticulum is the calcium source for egress initiation
and that several post-initiation steps in the egress program are affected by in-
creased intracellular Ca2þ. We also reveal a new calcium-dependent step in
the parasite egress mechanism: swelling of the parasitophorous vacuole (PV).
This major event in parasite egress leads to the rupture of critically swelled vac-
uoles and mature parasite extrusion from the host cell. We found that this vac-
uolar swelling is exaggeratedly slow in dehydrated sickle cells, leading to
a severe defect in parasite egress, probably due to low levels of ions conducting
osmotic driven water translocation from erythrocyte cytoplasm to PV. Parasite
egress can be accelerated in mature schizonts by pharmacological intervention;
the mechanism of this phenomenon involves PV swelling. However, the same
treatment of immature schizonts leads to immediate parasite death within the
host cell due to erythrocyte hemolysis of a critically expanded PV. Exploring
this stage-dependent parasite killing may be useful for development of anti-
malarials.Platform: Membrane Protein Structure
& Function I
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Many protein complexes possess a substantial number of internal waters some
observed as bridging between polar groups and other filling internal voids. The
thermodynamics of these waters and their effect on the stability and dynamics
of the protein complexes are not well understood. Using MD and MC simula-
tions and an enhanced inhomogenous fluid solvation theory in canonical and
grand canonical ensembles we obtain the free energy of the internal waters
and their contribution to the stability and dynamics of protein complexes. Re-
cent x-ray structures allow us to focus on the Adenosine-2A GPCRs in complex
with agonists and antagonists in an attempt to characterize the properties of wa-
ters in the active and inactive states. Results from MC Grand Canonical simu-
lations indicate that the number of waters in the active state is smaller than in
the inactive form and their occupancies are reduced on the average by 0.3 wa-
ters. The free energies of the waters are also less negative by approximately 3
kcal/mol on the average. To assess the role of this change on the dynamics of
the GPCRs, we will present results from MD simulation of the complexes em-
phasizing the difference in receptor dynamics and in the free energies of the
waters between the different states.
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Crystal structures of rhodopsin are available, yet details of the activation mech-
anism remain unknown [1,2]. We applied solid-state 2H NMR to investigate
structural and dynamical changes occurring in the process of rhodopsin activa-
tion. From the 2H NMR spectra, molecular mobility can be obtained by calcu-
lating the segmental order parameters from the residual quadrupolar couplings
(RQCs). Moreover 2H nuclear spin relaxation rates related to the dynamics can
be measured together with the RQCs [2]. Site-specific 2H labels were intro-
duced into different methyl groups of retinal, and relaxation rate measurements
were performed as a function of temperature (30 to 150C) [3]. Model-free
analysis employed an irreducible representation of the combined 2H NMR line
shape and relaxation data. Fluctuations of the irreducible components with re-
spect to the average values are characterized by the individual spectral densities
of motion evaluated at characteristic frequencies: J0(0), J1(u0), and J2(2u0),
where u0 is the nuclear resonance frequency [4]. Differences in the spectral
densities manifest details of the methyl group motions within the retinal bind-
ing pocket at low temperature. At the high temperature limit, J1(u0) and
J2(2u0) are insensitive to details of motion and collapse to a universal curve,
thus substantiating the validity of the model-free analysis. Further analysis of
42a Sunday, February 3, 2013J1(u0) and J2(2u0) involved simultaneous temperature-dependent fitting in
terms of both diffusion and jump models for the methyl group dynamics. We
conclude that spectral density analysis in terms of fluctuations of nuclear
spin Hamiltonian will help us understand the activation mechanism and molec-
ular dynamics of rhodopsin and related G protein-coupled receptors.
[1] A.V. Struts et al. (2011) PNAS 108, 8263-8268. [2] M.F. Brown et al.
(2010) BBA 1798, 177-193. [3] A.V. Struts et al. (2011) NSMB 18, 392-394.
[4] M.F. Brown (1982) JCP 77, 1576-1599.
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G protein-coupled receptors (GPCRs) represent the largest family of integral
membrane receptors and are involved in many intracellular communications
in response to diverse external stimuli. Despite advances in GPCR biophysical
characterization, a major challenge continues to be the isolation of large quan-
tities of membrane protein in functional form. Here we report the purification of
a GPCR, namely the human adenosine receptor A2A, using solely the short hy-
drocarbon chain lipid 1,2-dihexanoyl-sn-glycero-3-phosphocholine (DHPC, di-
6:0PC). After purification, the receptor remains folded and capable of binding
to ligand. Interestingly, no cholesterol addition was required to retain receptor
activity and no detergent removal step was necessary. Additionally, this ap-
proach will enable the addition of longer chain lipids create biomimetic mem-
brane systems (e.g. bilayered micelles) that can be oriented in the presence of
a magnetic field, which are widely used in NMR studies.
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The topology of cell membranes attracts increasing attention as a potential reg-
ulator of numerous vital cellular functions such as protein sorting, association
and localization [1,2,3]. To examine the influence of membrane shape on
GPCR oligomerization we developed a fluorescence-based assay, employing
a model membrane system with the prototypical GPCR, human b2-adrenergic
receptor, b2AR, reconstituted in liposomes [4]. We monitored receptor oligo-
merization by intermolecular FRET between b2AR-Cy3 and b2AR-Cy5 in
membranes of different curvature (75-400 nm in diameter) at the single proteo-
liposome level by the use of confocal microscopy.
We report that oligomer assembly is highly affected by the shape of the mem-
brane. Physiological occurring membrane curvatures (1/75 nm1) drive disso-
ciation of stable oligomers formed in flat membranes (1/400 nm1), reducing
the absolute EFRET by ~60%, which corresponds to ~60% reduction of oligo-
meric clusters. Thus we propose that changes in geometrical membrane curva-
ture, during e.g. receptor internalization upon agonist stimulation, are
a potential allosteric regulator of GPCR assembly.
1. Hatzakis, ND. et al. Nature Chemical Biology 5, 835-841 (2009).
2. Bhatia, VD. et al. EMBO Journal 28, 3303-3314 (2009).
3. McMahon H.T. and Gallop J.L., Nature 438, 590-6 (2005).
4. Fung, J.J. et al. EMBO J 28, 3315-3328 (2009).
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clusion is sometimes controversial, as for b2-adorenergic receptor (b2AR),
which is one of the best-studied family A G-protein-coupled receptors. This
is due to the lack of methods for precise detection of oligomerization state of
membrane proteins on living cells. Fluorescence and bioluminescence reso-
nance energy transfer (FRET and BRET) have been widely used as a nonde-
structive indicator of interaction among target proteins in living cells.
Although most studies use fluorescent proteins or luminescent proteins to label
the target proteins, these methods have limitations for the quantitative analysis
of protein oligomerization.
We have recently developed the novel coiled-coil tagprobe method to
overcome these problems [1-3]. The coiled-coil tagprobe labeling method
utilizes tight interaction between the heterodimeric coiled-coil peptides E3
(EIAALEK)3 and K4 (KIAALKE)4. The E3 peptides were genetically tagged
to the N-termini of target membrane proteins, whereas the K4 probes were
chemically synthesized and labeled at their N-termini with either the donor
dye Alexa Fluor 568 or the acceptor dye Alexa Fluor 647 to obtain Alexa568-
K4 (donor) or Alexa647-K4 (acceptor), respectively. The addition of the K4
probes can label the E3-tagged receptors expressed on living cells within 1 min.
Here using the coiled-coil labeling method combined with in-cell fluorescence
spectroscopy, we succeeded in determining the oligomerization states of sev-
eral standard membrane proteins. Having validated the method, we examined
the oligomeric states of b2ARs and influenza virus A M2 ion channel.
References
1. Y. Yano, et al. ACS Chem. Biol., 3, 341345 (2008).
2. Y.Yano, K. Matsuzaki, FEBS Lett., 585, 23852388 (2011).
3. Y. Takeda, Y. Yano, K. Matsuzaki, Anal. Chem., 84, 1754-1759 (2012).
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In Euglena gracilis, cell membranes on the ridge regions of the striped surface
structure are covered with paracrystalline arrays, mainly composed of the inte-
gral membrane protein, called IP39. It has recently been cloned as a putative
four-membrane-spanning protein with a conserved sequence motif of PMP-
22/EMP/MP20/Claudin superfamily. Here, we report the three-dimensional
structure of Euglena IP39 at 7 A˚ resolution determined by image-based electron
crystallography of two-dimensional (2D) crystals. The 2D crystal array of IP39
appears to be a striated pattern of the antiparallel double-rows, in which the tri-
meric units of IP39 are longitudinally polymerized, resulting in continuously
extending zigzag lines. Each protomer shows an overall cylindrical density (ap-
proximately 20 A˚ in diameter) with ‘nock’ and ‘pointed’ shapes at the respec-
tive sides of the membrane. Structural analysis of another 2D crystal bound
with anti-phosphotyrosine Fab fragments reveals that the ‘nock’-like protruded
structure is facing to the cytoplasmic side. A four-helical bundle model is con-
sistently fitted to the EM density map and shows that the transmembrane
regions are mainly involved in the intermolecular interactions to form the linear
strands. The polymerization pattern of IP39 in the 2D crystal, however, exhibits
unexpected interactions between respective protomers. In the trimeric unit of
the single strand, one of the three protomers is likely to be rotated at approxi-
mately 180 degree in the opposite direction to the others, indicating that there
are at least three different ways of possible intermolecular interactions in the
transmembrane regions between neighboring protomers. A combination of
such multiple interactions would be important for the continuous linear poly-
merization, thus providing important implications in the strand formation of
other four-transmembrane proteins of this family in the lipid environment.
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Intercellular gap junction channels are formed by the end-to-end docking of
connexin (Cx) hexamers that traverse apposing cell membranes. Each Cx sub-
unit has four transmembrane (TM) a-helices and two extracellular loops (E1
and E2). Three-dimensional crystals of recombinant, purified Cx26 were grown
using a new class of detergents designated facial amphiphiles (FAs), which
